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Estimates of heavy oil in place range from 9 to 13 trillion barrels. In the Western Hemisphere, heavy oil is poised to become the principal source of hydrocarbons, particularly in Canada and Venezuela. The broader geologic settings of the Alberta-Saskatchewan and Orinoco deposits are strikingly similar. Oil is sourced in deep basins adjacent to mountain belts. Lighter oils migrate up near the surface to be biodegraded into heavy, viscous fluids. Although the heavy oils of both areas have similar API gravities, Venezuelan oils have lower viscosity and are easier to produce. This is due partly to the Orinoco's higher in situ temperatures and to chemical variations.
Reservoir characterization is one of the fundamental problems facing engineering design. We need to map reservoir heterogeneity accurately and differentiate between lithologies. In fluvial environments, rock types can change rapidly from coarse sands to shales. Conventional stacked seismic data are useful for delineating structures and stratigraphy at a large reservoir scale. However, in many heavy-oil projects, we need spatial and temporal resolutions of 2-3 m. Shale breaks in particular can interfere with thermal and other production techniques. Currently, heavy oil carbonate reservoirs are becoming significant producers and may require entirely different characterization schemes.
Recovery processes vary drastically. For shallow deposits, mining is the common extraction method. For deeper reservoirs, the two main production schemes are cold heavy-oil production with sand (CHOPS), used mainly in eastern Alberta, and thermal stimulation, including cyclic steam and steam-assisted gravity drainage (SAGD), used in Alberta, California, and Indonesia. Time-lapse seismic data can be particularly effective in tracking steam migration. These production methods have individual advantages and drawbacks. Thermal recovery techniques may soon be limited by the availability of input resources (gas, water). Different oils and environments will require new or modified recovery schemes; for example, in situ combustion or vapor extraction in offshore production. We should be planning to apply our techniques to these new schemes.
For rock physics, we need to characterize different recovery methods and corresponding changes in reservoir and rock properties. Theoretical, laboratory, and field examples for heavy-oil interpretations must be developed. Where rock and fluid properties are concerned, numerous developments need to take place
• better rock physics models
• how to go beyond Gassmann
• shear modulus for frame and for fluid
• anelastic/viscoelastic/elastic parameters • anomalous Q values in heavy oils themselves and rocks with heavy oil
• lithology discrimination
• shale measurements
• characterize heterogeneity Seismic data play a significant role in reservoir characterization and production monitoring. As stated earlier, the prime challenges are mapping reservoir heterogeneity and differentiating lithologies. In the case of shallow reservoirs, higher frequencies (>200 Hz) at wide angles can be obtained, but statics and noise suppression are some of the problems. The workflow must include anisotropic imaging, wavelet stretching, and wide-angle inversion. AVO or with angle of incidence (AVA) analyses are important to derive density and Poisson's ratio information. Venezuela and Canada have significantly different signatures in this respect. Wider angle (60º) inversions give much better results, particularly for density. For monitoring, particularly on land, the repeatability of the data must be quantified and improved.
Multicomponent data are often collected, but the additional use of this shear information is limited. There appears to be no consensus on P-wave reflection (PP) data versus converted-wave (PS) data; for example, Chevron found that AVO gave good enough information for the Alba Field, whereas the use of PS data definitely improved interpretations for the Grane Field. Can multicomponent data be added without losing resolution? Because PS waves have higher attenuation, it is difficult to compare the resulting data. PP has higher resolution, but the two types of data give different information. So, although PS has lower apparent resolution, it is wise to not average but add information from both data sets. One problem is that even when PS information has been acquired, it is not delivered rapidly enough to be used.
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For interpretation, there needs to be close interaction between geophysicists and engineers. We can provide probabilities from geophysical interpretations for engineering applications. Uncertainties can be estimated by incorporating geostatistics. We must perform joint inversions including reservoir and geologic models. For each different recovery method, we must document the corresponding changes in rock and reservoir properties. Can we go beyond Gassmann? Finally, any product must be furnished in a timely manner and in a form useful to the engineer.
Log data are already incorporated extensively in reservoir description and engineering planning. Initial assessments have always used the more standard tools such as gamma ray, density, resistivity, and acoustics. Now, other tools such as image logs or nuclear magnetic resonance (NMR) logs provide better descriptions of the lithologies and the oils themselves. Cross-borehole and time-lapse logging show great potential for monitoring recovery processes.
Other techniques such as tilt, electrical, and microseismicity have strong potential. Injecting steam causes an obvious deformation at the surface, easily resolved by tilt monitoring techniques. During steam injection, the exchange of fluids and fluid phases can result in significant changes in the electrical and electromagnetic signatures. Microseismicity is already extensively used. These data provide an image of fluid motion and stress changes. The microseismic events have indicated which wells in a cluster are taking steam, when breakthrough may be imminent, and if steam migrates out of zone.
In conclusion, geophysical methods can play a significant role in reservoir characterization and production monitoring of heavy-oil reservoirs. Some of the salient issues that have to be addressed are
• How to best model the oils and rocks that contain them.
• How to increase resolution in reservoir characterization.
• Are full three-dimensional monitoring surveys necessary?
• Are multicomponent data worth the acquisition and processing costs?
• How to best integrate seismic, nonseismic, and engineering data.
Currently, Canada is acting as a primary laboratory for developing and testing heavy-oil geophysical techniques. However, for application to other areas and conditions, tested techniques will need substantial modification and local calibration.
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Special thanks go to TLE editor Dean Clark, who reviewed the 12 articles first published in the September 2008 issue of TLE also included in this book; Dolores Proubasta for copy editing chapter 1; and Jennifer Cobb, SEG manager of GEOPHYSICS and books, for her patience and professionalism in producing this book.
Nothing would have been possible without the authors' contributions, patience, and cooperation. The many useful discussions held with Paul MacKay were also instrumental in clarifying many doubts in the section on the geology of Athabasca Oil Sands We're grateful to Fotis Kalantzis for providing images for Figures 87 to 93, in Chapter 1.
We also thank our respective employers for the encouragement and support that justify the time and effort spent on such a writing venture.
Finally, the editors thank the following companies for permission to use the images/pictures to illustrate the text.
Arcis Corporation Oil Sands Imaging
The Pembina Institute Petrobank Energy Suncor Canada Ltd.
Syncrude Canada Ltd.
The Editors
